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(54) System and method of reproducing signals recorded on a magnetooptic recording medium 



(57) A magneto-optical recording medium has a 
multi-layer magnetic film structure comprising a repro- 
ducing layer (300), an intermediate layer (400), and a 
record holding layer (500). These layers are magneti- 
cally coupled to one another. The recording medium is 
irradiated with a laser beam and appropriate magnetic 
fields are provided such that in a area of a spot of the 
laser beam on the recording medium, first, second and 
third regions are formed as a result of a temperature 
distribution within the laser beam spot: The first and 
third regions act as masking regions, with the second 
region between the first and third regions being a region 
from which magnetic signals stored in the record hold 
layer are transferred to the reproducing layer and are 
read out from the reproducing layer. In the first embodi- 
ment, the maignetic domains of the first arid third 
regions are opposite one another in the reproducing 
layer. In a second embodiment of the invention, ah aux- 
iliary reproducing layer is also provided between the 
reproducing layer and the intermediate layer. In a third 
embodiment of the invention, at a high temperature 
region of the spot the intermediate layer is heated to a 
temperature not lower than a Curie temperature of the 
intermediate layer, and the reproducing layer, intermedi- 
ate layer and record hold layer are formed so as to meet 
the expression H r + H CA < in the reproducible 
region of the laser spot, where H CA is a coercive force of 
the reproducing layers or reproducing and auxiliary 



reproducing layers combined, and H w1 is a magnetic 
field created by a magnetic domain wall formed 
between the reproducing layer and the intermediate 
layer. In this third embodiment, in the reproducing layer 
the first and third masking regions within the laser spot 
have magnetic domains pointed in the same direction. 
In this third embodiment an initializing magnetic field is 
not necessary. In a fourth embodiment the reproducing 
layer is formed of a ferrimagnetic material having a com- 
pensation temperature substantially equal to a Curie 
temperature of the auxiliary reproducing layer which is 
provided between the record hold layer and reproducing 
layer. In the fourth embodiment, an intermediate layer 
as provided between the auxiliary reproducing layer and 
record layer hold layer. In this fourth embodiment, Car- 
rier to Noise ratio is improved. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a system and method of reproducing signals recorded on a magneto-optic record- 
ing medium, for reading information bits (magnetic domains) by magneto-optic effect and. more particularly, to tech- 
niques for enhancing track recording density and track density, and reproducing information recorded in a high density 
and for reproducing with high resolution. 

According to the fundamental principle of a magneto-optic recording system, a portion of a magnetic thin film is 
heated locally to a temperature higher than the Curie temperature or the compensation temperature to nullify the coer- 
cive force of the heated portion and to invert the direction of magnetization of the heated portion in the direction of an 
external recording magnetic field applied thereto. Accordingly, the magneto-optic recording system employs a magneto- 
optic recording medium comprising a transparent substrate, such as a polycarbonate substrate, and a laminated 
recording layer formed on one major surface of the transparent substrate, and consisting of a magnetic recording film 
having an easy direction of magnetization perpendicular to its surface and having excellent magneto-optic characteris- 
tics, such as an amorphous rare earth metal-transition metal alloy film, a reflecting film and a dielectric film. The mag- 
neto-optic recording medium is irradiated with a laser beam from the side of the transparent substrate to read signals. 

The track recording density of optical disks, such as digital audio disks (so-called compact disks) and video disks, 
as well as a magneto-optic recording medium, is dependent principally on the SN ratio of reproduced signals, and the 
signal quantity of reproduced signals is greatly dependent on the period of the bit string of recorded signals, the wave- 
length of a laser beam emitted by the laser of a reproducing optical system, and the numerical aperture of the objective 
lens of the reproducing optical system. 

The bit period f corresponding to a detection limit is expressed by: f = X/2N.A. . where X is the wave length of a 
laser beam emitted by the laser of the reproducing optical system, and N.A. is the numerical aperture of the objective 
lens. 

Since crosstalk limiting the track density is dependent mainly on the intensity distribution (profile) of the laser beam 
on the surface of the recording medium, the track density, similarly to the bit period, is expressed generally by a function 
of X/2 and the numerical aperture N.A. 

Accordingly, the reproducing optical system employs, basically, a laser that emits a laser beam of a short wave- 
length X and an objective lens having a large numerical aperture N.A 

However, according to the present status of the art. an improvement in the wavelength X of the laser beam and the 
numerical aperture N.A. of the objective lens is limited. On the other hand, techniques have been developed to improve 
recording density through the improvement of the construction of the magneto-optic recording medium and the reading 
method. 

For example, the applicant of the present patent application proposed a system that improves reproducing resolu- 
tion by locally enlarging, reducing or extinguishing an information bit (magnetic domain) in reproducing a signal in Jap- 
anese Patent Laid-open (Kokai) Nos. Hei 1-143041 and Hei 1-143042, both incorporated herein. This system employs 
a magnetic recording layer of an exchange-coupled multilayer film consisting of a reproducing layer, an intermediate 
layer and a record hold layer, and reduces interference between information bits in reproducing signals by heating a 
magnetic domain of the reproducing jayer with a reproducing light beam to enlarge, reduce or extinguish a portion of 
the magnetic domain heated at a high temperature to enable the reproduction of signals of a period beyond the limit of 
diffraction of light. 

Although the track recording density can be improved to some extent by this system, it is difficult to improve the 
track density by this system. - 

Under such circumstances, the applicant of the present patent application proposed a novel signal reproducing 
method capable of preventing crosstalk and improving both track recording density and track density in Japanese Pat- 
ent Laid-open (Kokai) No. Hei 1 -229395, incorporated herein. This method employs a recording layer of a multilayer film 
consisting of a reproducing layer and a record hold layer magnetically coupled with the reproducing layer. The drection 
of magnetization of the reproducing layer is turned beforehand in a direction to erase signals in the reproducing layer. 
The reproducing layer is heated to a temperature higher than a predetermined temperature by irradiating the reproduc- 
ing layer with a laser beam when reproducing signals so as to transfer only the magnetic signals written in the heated 
region of the record hold layer to the reproducing layer in order to read the magnetic signals. 

In reading information recorded in information recording bits. i.e.. bubble magnetic domains, formed in a magneto- 
optic recording medium by locally heating the magneto-optic recording medium with a laser beam by a magneto-optic 
recording/reproducing system utilizing magneto-optic mutual action, namely, the Kerr effect or Faraday effect as 
explained above the recording bits must be formed in a reduced size to increase recording density for magneto-optic 
recording. However, the reduction in size of recording bits entails problems in resolution, as described above, in repro- 
ducing recorded information. Resolution is dependent on the wavelength of the reproducing laser beam, and the 
numerical aperture N.A. of the objective lens. 
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A conventional magneto-optic recording/reproducing system will be described with reference to Figures 1 A. 1 B, 1 C. 
and ID. Figure 1 A is a typical top plan view of a recording pattern. A method of reproducing binary signals "1" and "0" 
recorded in recording bits 4. i.e. shaded portions in Figure 1 A, of a magneto-optic recording medium 3, such as a mag- 
neto-optic disk, will be described. A reading laser beam forms a circular spot 6 on the magneto-optic recording medium 

5 3. When recording bits 4 are spaced so that the spot 6 is able to include only one recording bit 4 as shown in Figure 1 A, 
the spot 6 includes a recording bit 4 as shown in Figure 1 B. or the spot 6 does not include any recording bit 4 as shown 
in Figure 1 C. Accordingly, if the recording bits 4 are arranged at equal intervals, the output signal has. for example, a 
sinusoidal waveform whose amplitude varies alternately above and below a reference level 0 as shown in Figure 1D. 
However, if recording bits 4 are arranged in a high density as shown in a typical plan view of a recording pattern in 

w Figure 2A, it is possible that the spot 6 includes a plurality of recording bits 4. Since a reproduced output signal provided 
when the two recording bits 4a and 4b among the successive three recording bits 4a, 4b, and 4c are included in one 
spot 6 as shown in Figure 2B and a reproduced output signal provided when the two recording bits 4b and 4c are 
included in one spot 6 as shown in Figure 2C are the same and cannot be discriminated from each other, the repro- 
duced output signals form, for example, a straight line as shown in Figure 2D. 

is Since the conventional magneto-optic recording/reproducing system reads directly the recording bits 4 recorded on 
the magneto-optic recording medium 3. the restrictions on the reproducing resolutions cause problems in S/N (C/N - 
carrier-to-noise ratio) and hence the magneto-optic recording/reproducing system is unable to achieve high-density 
recording and reproducing, even if the magneto-optic recording/reproducing system is capable of high-density record- 
ing, i.e.. high-density bit formation. 

20 The reproducing resolution dependent on the wavelength X. of the laser beam and the numerical aperture N.A. of 
the lens must be improved to solve the problems in S/N (C/N). To solve these problems, the applicant of the present 
patent application proposed previously a magneto-optic recording/reproducing system capable of very high resolution 
(hereinafter referred to as "MSR system"), for example, in Japanese Patent Application Ho. Het 1-225685, "Magneto- 
optic Recording/Reproducing Method", incorporated herein. 

25 The MSR system enhances the reproducing resolution by reading only the recording bit 4 of a temperature in a pre- 
determined temperature range on a magneto-optic recording medium by utilizing a temperature distribution formed by 
the relative movement between the magneto-optic recording medium and the spot 6 of the reproducing beam. 
The MSR systems are classified into those of a so-called emergence type and those of an extinction type. 
The MSR system of an emergence-type will be described with reference to Figures 3A, 3B ( 3C, and 3D. Figure 3A 

30 is a typical top plan view of a recording pattern formed on a magneto-optic recording medium 10, and Figure 3B is a 
typical sectional view showing a state of magnetization of the magneto-optic recording medium. As shown in Figur&SA. 
the magneto-optic recording medium 10 moves in the direction of an arrow D relative to the spot 6 of a laser beara As 
shown in Figure 3B. the magneto-optic recording medium 10 is. for example, a magneto-optic disk having at least a 
reproducing layer 1 1 and a recording layer 1 3 formed of perpendicularly magnetizable films. The reproducing layer 1 1 , 

35 the recording layer 13 and an intermediate layer 12 formed between the reproducing layer 1 1 and the recording layer 
13 are provided. Arrows in the layers 1 1 . 12. and 13 in Figure 3B indicate the directions of magnetic moment. In Figure 
3B, magnetic domains indicated by downward arrows are in an initial state. Information recording bits 4 are formed at 
least in the recording layer 13 with magnetic domains magnetized upward for binary values "1" or "0". 

In reproducing recorded information signals from the magneto-optic recording medium 10, an external initializing 

40 magnetic field Hj is applied to the magneto-optic recording medium 10 to magnetize the reproducing layer 1 1 down- 
ward, as viewed in Figure 3B, for initialization. Although the recording bits of the reproducing layer 11 are extinguished 
by initialization, the respective directions of magnetization of regions in the reproducing layer 1 1 and the recording layer 
1 3 corresponding to the recording bits 4 are maintained reverse to each other by magnetic domain wails formed in the 
intermediate layer 1 2. so that the recording bits 4 remain in latent recording bits 41 . 

45 A reproducing magnetic field H r of a direction reverse to that of the initializing magnetic field Hj is applied at least 
to the reproducing regions of the magneto-optic recording medium 10. As the magneto-optic recording medium 10 
moves, the region having the initialized latent recording bit 41 comes under the spot 6. Since the duration of irradiation 
with the beam in the front side, the left side in Figures 3A and 3B. on the magneto-optic recording medium ip.with 
respect to the direction of movement is longer, a high-temperature region 14 is formed in the front side of the spot 6 as 

so indicated by a shaped area enclosed by a broken line a. In the high-temperature region 14. magnetic domain walls in 
the intermediate layer 12 disappear, and the magnetization of the recording layer 13 is transferred to the reproducing 
layer 1 1 by exchange force, so that the latent recording bit 41 in the recording layer 13 emerges in the reproducing layer 
1 1 in a reproducible recording bit 4. 

Accordingly, the recording bit 4 can be read out by detecting the rotation of the plane of polarization of the spot 6 

55 by magneto-optic effect, namely, Kerr effect or Faraday effect, corresponding to the direction of magnetization of the 
recording layer 11. Latent recording bits 41 in a low-temperature region 15. other than the high-temperature region 14, 
in the spot 6 do not emerge into the reproducing layer 1 1 , and hence the reproducible recording bit 4 is included only 
in the narrow high-temperature region 14. Therefore, even if information is recorded in a high recording density, on the 
magneto-optic recording medium 10 capable of high-density recording, in which a plurality of recording bits 4 are 
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included in the spot 6, only one of the recording bits 4 can be read for high-resolution signal reproducing. 

To carry out signal reproducing in such a mode, the initializing magnetic field Hj, the reproducing magnetic field H p 
the respective coercive force, values of thickness, intensities of magnetization and values of domain wall energy of the 
magnetic layers are determined selectively according to the temperature of the high-temperature region 14 and that of 
the low-temperature region 15. The coercive force , thickness and saturation magnetization M sn of the reproduc- 
ing layer 11, and the coercive force H^. thickness Uz and saturation magnetization M^ of the recording layer 13 must 
meet an expression in Mathematical 1 to initialize only the reproducing layer 11. 

(Mathematical 1 ) 

Hj >H c1 +a w2 /2M s1 . h n 

where ct w2 is domain wall energy of the magnetic domain wall between the reproducing layer 1 1 and the recording layer 
13. 

An expression in Mathematical 3 must be met to maintain the information recorded in the recording layer 13 by the 
magnetic f ield. 

(Mathematical 3) 

H i < H c3 -^wz^ss - h 3 

An expression in Mathematical 4 must be met to maintain the magnetic domain walls formed in the intermediate 
layer 12 between the reproducing layer 1 1 and the recording layer 13 after the initializing magnetic field H s has been 
applied to the magneto-optic recording medium. 

(Mathematical 4) 

H c1 > a^M^ . . 
An expression in Mathematical 5 must be met to heat the high -temperature region 1 4 at a selected temperature T H . 
(Mathematical 5) 

H c1 - aw2 /2M 6l .h, <H r <H c1 +<r w2 V2M s1 .h. 

The magnetization of the latent recording bits 41 of the recording layer 13 can be transferred to, namely, binary values 
"1" and "0", whichcan be made to emerge in only regions of the reproducing layer 1 1 corresponding to the magnetic 
domain walls of the intermediate layer 1 2 by applying the reproducing magnetic field H r meeting the expression in Math- 
ematical 5. 

Although the magneto-optic recording medium 10 employed by the MSR system has the reproducing layer 1 1, the . 
intermediate layer 12 and the recording layer 13 forming a three-layer construction, the MSR system may employ a four- 
layer magneto-optic recording medium additionally provided with an auxiliary reproducing layer 17 between the repro- 
ducing layer 1 1 and the intermediate layer 12 as shown in an enlarged schematic sectional view in Figure 4. 

The auxiliary reproducing layer 17 supplements the characteristics of the reproducing layer 1 1 to compensate the 
coercive force of the reproducing layer 1 1 at a room temperature to stabilize the magnetization of the reproducing layer 
1 1 caused by the initializing magnetic field Hj regardless of the existence of magnetic domain walls and to decrease the 
coercive force sharply at a temperature near the reproducing temperature so that the magnetic domain walls of the 
intermediate layer 12 expand into the auxiliary reproducing layer 17 to finally invert the reproducing layer 11 and to 
extinguish the magnetic domain walls for satisfactory emergence of the recording bits. 

The coercive force H c1 of the reproducing layer 1 1 of a four-layer magneto-optic recording medium provided with 
the auxiliary reproducing layer 17 is substituted by H CA as expressed by an expression in Mathematical 6. and 
cr ^/M s1 . h 1 is substituted by cr^/fM s1 . h 1 + M ^ . h s ) . 

(Mathematical 6) 

Hca-( M gi * n i * H ci +M & s * h B * H csV( M si * h i +M ss " no- 
where H c1 < H CA < Hcs for the MSR system of an emergence type. 
In Mathematical 6, h s and H^ are the saturation magnetization, thickness and coercive force, respectively, of , 
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the auxiliary reproducing layer 17. 

The MSR system of an extinction type will be described hereinafter with reference to Figures 5A and 5B. Figure 5A 
is a typical top plan view of a recording pattern formed on a magneto-optic recording medium 10, and Figure 5B is a 
typical sectional view showing a state of magnetization, in which parts like or corresponding to those shown in Figures 
3 A and 3B are denoted by the same reference characters and the description thereof will be omitted to avoid duplica- 
tion. This magneto-optic recording medium does not need any initializing magnetic field Hj. 

A reproducing operation for reproducing information recorded on the magneto-optic recording medium 10 will be 
described. The high -temperature region 14 is heated so that an expression in Mathematical 7 is satisfied, and then, an 
external reproducing magnetic field H r is applied to the magneto-optic recording medium 10 to extinguish recording bits 
4 in the high-temperature region 14 included in the spot 6 of a laser beam in the reproducing layer 1 1 magnetized down- 
ward as viewed in Figure 5B. Thus, the MSB system of an extinction type enables information recorded in only the 
recording bits 4 in the low-temperature region 15 in the spot 6 to be reproduced to improve the resolution. 

(Mathematical 7) 

H r > H c1 + ct w2 /2M s1 • ^ 

However, the conditions including the coercive force are determined so that the recording bits 4 of the recording 
layer 13 remain in latent recording bits 41 in an extinction state to hold the magnetization of the recording layer 13, i.e., 
the recording bits 4, are transferred to the reproducing layer 1 1 and held therein in a reproducible state at a room tem- 
perature. 

The foregoing MSR systems of an emergence type and an extinction type reproduce the recording bit in a local 
region included in the spot of the recording laser beam to reproduce the information in and enhanced resolution. 

In reproducing signals by these previously proposed signal reproducing methods, however, the area to be trans- 
ferred to the reproducing layer (reproducible area) expands with the increase of reproducing power, which deteriorates 
frequency characteristics of reproduction. 

SUMMARY OF THE INVENTION 

i 

The present invention has been made in view of the foregoing problems and it is therefore an object of the present 
invention to provide a signal reproducing method capable of improving both track recording density and track density 
and of obviating the deterioration of frequency characteristics due to increase in reproducing power. 

To achieve this object, the present invention provides a method of reproducing signals recorded on a magneto-optic 
recording medium comprising at least a recording layer formed of a multilayer film consisting of a reproducing layer, an 
intermediate layer and a record hold layer/which are coupled magnetically. The reproducing layer is initialized by an ini- 
tializing magnetic field to turn the direction of magnetization of the reproducing layer in an initial direction after recording 
signals in the record hold layer of the magneto-optic recording medium. The reproducing layer is irradiated with a laser 
beam and a reproducing magnetic field is applied to the reproducing layer to create a portion maintaining the initial 
state, a portion to which the magnetic domain pattern of the record hold layer is transferred, and a portion having the 
same magnetic polarity as that of the reproducing magnetic field in an area corresponding to the spot of the laser beam 
by a temperature distribution formed by the laser beam. A magnetic signal recorded in the portion to which the magnetic 
domain pattern of the record hold layer has been transferred is converted by magneto-optic effect to read the magnetic 
signal. 

The method of reproducing signals in accordance with the present invention turns the polarity of the magnetic field 
created in the reproducing layer from which signals are read in a predetermined direction by the initializing magnetic 
field to set the reproducing layer in an erased state. 

Then, the method irradiates the reproducing layer in the erased state with a laser beam and applies a reproducing 
magnetic field to the reproducing layer simultaneously A portion maintaining the initial state, a portion to which the 
magnetic domain pattern of the record hold layer is transferred and a portion having the same magnetic polarity as that 
of the reproducing magnetic field are created in an area corresponding to the spot of the laser beam by a temperature 
distribution formed by the laser beam. 

The state of magnetization of the portion maintaining the initial state and that of the portion having the same mag- 
netic polarity as that of the reproducing magnetic field are always the same regardless of the pattern of magnetization 
of the record hold layer. 

Accordingly, these portions are masked optically and recorded signals are read only from the portion to which the 
magnetic domain pattern has been transferred, which enables high<fenstty reproduction. 

Even if the reproducing power varies during reproduction, the area of the portion from which signals can be repro- 
duced hardly varies, so that the frequency characteristics can be maintained. 

In a second embodiment, a four-layer medium is provided, as described hereafter. 
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The present invention is also intended to further improve the reproducing resolution, namely, S/N (C/N Carrier-to- 
Noise ratio), in the MSR system. In this regard, attention is drawn to the third and fourth embodiments explained here- 
after. 

Figure 21 A is a typical top plan view of a magneto-optic recording medium employed in carrying out a magneto- 

5 optic recording/reproducing system in accordance with a third embodiment of the present invention. Figure 21 B is a typ- 
ical sectional view of the same magneto-optic recording medium, and Figure 21 C is a graph showing temperature dis- 
tribution on the same magneto-optic recording medium. The present invention provides a magneto-optic 
recording/reproducing system comprising irradiating a magneto-optic recording medium 1000 having at least a record- 
ing layer 130, a reproducing layer 1 10, and an intermediate layer 120 formed between the recording layer 130 and the 

10 reproducing layer 1 10. A reading light beam and a reprodudng magnetic field H r having a same direction as that of 
magnetization of the reproducing layer 1 10 is provided. A high-temperature region 140 and a reproducible region 160 
heated at a temperature suitable for reprodudng information are provided in an area irradiated with the reading light 
beam. A portion of the intermediate layer 120 in the high-temperature region is heated to a temperature not lower than 
the Curie temperature of the intermediate layer 120. The reproducible region 160 meets an expression: 

is H r + H CA < H w1 , where H CA is a coercive force of a layer contributing to reproducing information, and is a mag- 
netic field created by a magnetic domain wall between the reproducing layer 110 and the intermediate layer 120. 

According to a fourth embodiment of the present invention, a magneto-optic recording medium as shown in Figure 
26 is provided having at least a reproducing layer 111, an auxiliary reproducing layer 131 and a recording layer 113 
which are coupled magnetically. The reprodudng layer 1 1 1 is heated with a laser beam to transfer magnetic signals 

20 recorded on the recording layer 1 13 to the reproducing layer 1 1 . The magnetic signals are converted into light signals 
by magneto-optic effect for reading. The reproducing layer 1 1 1 is formed of a ferromagnetic material having a compen- 
sation temperature T^p nearly equal to the Curie temperature T^ of the auxiliary reprodudng layer 131 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The above and other objects, features and advantages of the present invention will become more apparent from 
the following description taken in connection with the accompanying drawings, in which: 

Figures 1A to 1D are views for assistance in explaining a conventional magneto-optic recording/reproducing sys- 
30 tern; 

Figures 2A to 2D are views for assistance in explaining a conventional magneto-optic recording/reproducing sys- 
tem; 

Figures 3A and 3B are views for assistance in explaining a MSR system of an emergence type; 
Figure 4 is a typical sectional view of a magneto-optic recording medium; 
35 Rgures 5A and SB are views for assistance in explaining a MSR system of an extinction type; 

Figure 6 is a schematic sectional view of an essential portion of a magneto-optic recording medium; 
Figure 7 is a schematic typical perspective view of a magneto-optic reprodudng device; 

Figure 8 is a typical view showing a magnetized state of a three-layer magneto-optic recording medium of a first 
embodiment after signals have been recorded; 
40 Figure 9 is a typical view showing a magnetized state of a three-layer magneto-optic recording medium during ini- 
tialization; 

Figure 10 is a view showing a temperature profile in a portion irradiated with a laser beam for signal reproduction 
and a magnetized state during signal reprodudng operation; 

Figure 1 1 is a typical view of regions formed within the field of a lens when a small reproducing power is applied to 
45 a magneto-optic recording medium; 

Figure 1 2 is a typical view of regions formed within the field of a lens when a large reproducing power is applied to 
a magneto-optic recording medium; 

Figure 1 3 is a typical view showing a magnetized state of a four-layer magneto-optic recording medium of a second 
embodiment after signals have been recorded; 
so Figure 1 4 is a typical view showing a magnetized state of a four-layer magneto-optic recording medium during ini- 
tialization; 

Figure 1 5 is a typical view showing a magnetized state of a four-layer magneto-optic recording medium after initial- 
ization; 

Figure 16 is a typical view showing a temperature profile formed by irradiation with a laser beam for signal repro- 
55 duction. and a magnetized state during signal reprodudng operation; 

Figure 1 7 is a graph showing the variation of C/N with the thickness of the auxiliary reprodudng layer of a four-layer 
magneto-optic recording medium; 

Figure 1 8 is a graph showing the variation of C/N with the composition of the intermediate layer of a four-layer mag- 
neto-optic recording medium; 
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Figure 1 9 is a graph showing the variation of C/N with the composition of the auxiliary reproducing layer of a four- 
layer magneto-optic recording medium; 

Figure 20 is a graph showing the frequency characteristics of C/N in carrying out a signal reproducing method in a 
preferred embodiment according to the present invention in comparison with carrying out a signal reproducing 
method using only an initialized region and a transfer region for reproducing operation; 

Figures 21 A to 21 D are diagrammatic views for assistance in explaining a magneto-optic recording/reproducing 
system in a third embodiment according to the present invention; 

Figure 22 is an enlarged schematic sectional view of a magneto-optic recording medium employed in carrying out 
the third embodiment of the present invention; 

Figure 23 is a schematic perspective view for assistance in explaining the magneto-optic recording/reproducing 
system in accordance with the third embodiment of the present invention; 

Figures 24A and 24B are views for assistance in explaining the magneto-optic recording/reproducing system in 
accordance with the third embodiment of the present invention; 

Figure 25 is a graph showing the output characteristics of a magneto-optic recording medium by the magneto-optic 
recording/reproducing system in accordance with the third embodiment of the present invention; 
Figure 26 is a diagrammatic sectional view of a magneto-optic recording medium in a fourth embodiment according 
to the present invention; 

Figures 27 A and 27 B are diagrams showing a temperature distribution of an area of the magneto-optic recording 
medium corresponding to the spot of a beam; 

Figure 28 is a perspective view of a reproducing system for reproducing information from a magneto-optic record- 
ing medium in accordance with the present invention; 

Figures 29A and 29B are diagrammatic views for assistance in explaining a manner of reproducing information 
from a magneto-optic recording medium in accordance with the fourth embodiment of the present invention; 
Figure 30 is a graph showing the variation of measured output with the power of the reproducing beam; 
Figure 31 is a graph showing the measured relation between bit length and C/N; and 

Figures 32 A to*32D are diagrammatic views for assistance in explaining a manner of reproducing information from 
a magneto-optic recording medium in accordance with the fourth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described hereinafter with reference to the accompanying 
drawings. 

First Embodiment 

A signal reproducing method in a first embodiment according to the present invention employs a magneto-optic 
recording medium 100 having a recording layer of a three-layer construction consisting of a reproducing layer, an inter- 
mediate layer, and a record hold layer. 

As shown in Figure 6. the magneto-optic recording medium 100 has a reproducing layer 300, an intermediate layer 
400, and a record hold layer 500 formed sequentially in that order on a transparent substrate 200 of polycarbonate or 
glass. 

The reproducing layer 300 is formed of a material having excellent magneto-optic characteristics, a large Kerr rota- 
tion angle and a large Faraday rotation angle. The record hold layer 500 is a perpendicularly magnetizable film having 
a large coercive force. The reproducing layer 300 and the record hold layer 500 are magnetically coupled by magneto- 
static coupling or exchange coupling. 

The reproducing layer 300 has Curie temperature T c1 , coercive force Hc 1f magnetization M s1 , and thickness h-|. 
The intermediate layer 400 has Curie temperature T^, coercive force H c2 , magnetization M s2 . and thickness -ha- The 
record hold layer 500 has Curie temperature T^, coercive force H^, magnetization M s3 , thickness h 3 , and interfacial 
domain wall energy 

As shown in Figure 7, a magneto-optic reproducing device for reading information signals recorded on the. mag- 
neto-optic recording medium is provided with two magnetic heads, namely, an initializing magnet 600 for applying an 
initializing magnetic field to the magneto-optic recording medium 100 and a reproducing magnet 700 for applying a 
reproducing magnetic field H read to the magneto-optic recording medium 100. An optical head (optical pickup) 800 is 
also provided. 

The reproducing magnet 700 and the optical head 800 are disposed at a same position above and below the disk. 
The initializing magnet 600 is disposed before the reproducing magnet 700 and the optical head 800 with respect to the 
direction of movement of the magneto-optic recording medium 100. 

The signal reproducing method employing the magneto-optic recording medium 100 and the magneto-optic repro- 
ducing device will be described hereinafter. 
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The magneto-optic recording device records information signals on the record hold layer 500 by either a light mod- 
ulation system or a magnetic field modulation system. It is also possible to record magnetic signals with a magnetic 
head on a perpendicularly magnetizable film formed contiguously with the record hold layer 500 and to transfer the 
magnetic signals recorded on the perpendicularly magnetizable film to the record hold layer 500 by irradiating the per- 
5 pendicularly magnetizable film with a laser beam. 

Figure 8 shows a state in which information signals are recorded on the magneto-optic recording medium. 

In reproducing the recorded information signals, the initializing magnet 600 applies the initializing magnetic field 
H inj to the magneto-optic recording medium 100 to initialize only the reproducing layer 300 as shown in Figure 9. 

When the initializing magnetic field H jni is applied to the magneto-optic recording medium 100, the direction of mag- 
10 netization of the reproducing layer 300 is turned in the direction of the initializing magnetic field H ini . In regions where . 
the direction of magnetization of the record hold layer 500 is reverse relative to that of the reproducing layer 300, mag^ 
netic domain walls are formed in the intermediate layer 400. 

The initializing magnetic field H inj must satisfy the expression 

15 H jnj >H c2 -a w ^M £3 .h 3 (1) 

to invert the direction of magnetization of the reproducing layer 300. 
The initializing magnetic field H ini must satisfy the expression. 

20 H jnj < - cr^M^ . h 3 (2) 

to hold the information signals stored on the record hold layer 500 when the initializing magnetic field is applied to 
the magneto-optic recording medium 100. 

The following expression must be satisfied to maintain the magnetic domain walls between the reproducing layer 
25 300 and the record hold layer 500 after the initializing magnetic field H jni has been applied to the magneto-optic record- 
ing medium 100. 

H 61 >a w /2M sl .h 1 (3) 

30 After the reproducing layer 300 has been initialized, the magneto-optic recording medium 100 is irradiated with a 
laser beam by the optical head 800 and a reproducing magnetic field H read is applied to the same by the reproducing 
magnet 700 at the position where the reproducing magnet 700 and the optical head 800 are disposed relative to one 
another to read the information signals. 

When the magneto-optic recording medium 100 is irradiated with the laser beam LB to read the information signals. 
35 the magneto-optic recording medium 100 is heated in a temperature distribution as shown in Figure 5. 

In this temperature distribution, the temperature of the front portion of the magneto-optic recording medium 100 
with respect to the running direction indicated by an arrow X is the highest, and temperature decreases gradually 
toward the back portion. 

If the reproducing magnetic field H read satisfies the expression 

40 

H c1 -a w y2M 8l .h l <H IB(id <H cl +a w >2M Bl .h 1 (4) 

is applied to the reproducing layer 300 of a temperature not lower than T m (T m < T^. T c2 < T c1 , and T c2 < T^). the direc- 
tion of magnetization of regi.ons in which magnetic domain walls are formed can be inverted by the exchange force 
45 between the reproducing layer 300 and the record hold layer 500. 

Accordingly, the magnetic domain pattern P of the record hold layer 500 corresponding to a region of the magneto- 
optic recording medium heated to a temperature not lower than the temperature T m is transferred to the reproducing 
layer 300. 

A region heated to a temperature not lower than a temperature T m . (T m * > T m . T m * < T c1 . and T m ' < T^) satisfies 
so and inequality: H read > H c1 + a^M s1 . h 1 . In this state, the reproducing layer is magnetized in the direction of the 
reproducing magnetic field. Such a region is a region a in Figure 10. 

Accordingly, only the magnetic domain pattern P of the region p of the record hold layer 500 shown in Figure 10 is 
transferred to the reproducing layer 300. 

On the other hand, the direction of magnetization of a region y (Figure 10) heated to a temperature lower than the 
55 temperature T m cannot be inverted by the reproducing magnetic field H read . and the region y remains in the initial state. 

According to the signal reproducing method, the direction of magnetization of the region y in the reproducing layer 
300 is always the same as the direction of the initializing magnetic field H ini , and the direction of magnetization of the 
region a in the reproducing layer 300 is turned in the direction of the reproducing magnetic field H read . Such a state is 
equivalent to an optically masked state, which enhances the track recording density greatly. When the temperature dis- 
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tribution is controlled so that the temperature of the boundary between the adjacent reproducing tracks is lower than 
the temperature T mt the information signal stored in a region of the record hold layer 500 under a track is never trans- 
ferred to the reproducing layer 300 and hence crosstalk is prevented. 

The signal reproducing method in the first embodiment hardly deteriorates frequency characteristics even if the 
5 reproducing power of the laser beam varies. 

Although a reduced region is heated to a temperature not lower than the temperature T m if the reproducing power 
is low and hence the direction of magnetization of a reduced region of the reproducing layer 300 is inverted as shown 
in Figure 1 1, the size of the region p of the record hold layer 500 from which the magnetic domain pattern P is trans- 
ferred to the reproducing layer 300 is hardly changed because a reduced region (the region a) is heated to a tempera- 
te ture not lower than the temperature T m \ if the reproducing power is low. 

On the contrary, although an increased region is heated to a temperature not lower than the temperature T m as 
shown in Figure 12 and the direction of magnetization of an increased region of the reproducing layer 300 is inverted if 
the reproducing power is high, the size of the region y of the record hold layer 500 from which the magnetic domain pat- 
tern P is transferred to the reproducing layer 300 is hardly changed because an increased region (the region y) is 
is heated to a temperature not lower than the temperature T m \ 

Second Embodiment 

A signal reproducing method in a second embodiment according to the present invention employs a magneto-optic 
20 recording medium having a four-layer recording layer consisting of a reproducing layer, an auxiliary reproducing layer, 
an intermediate layer, and a record hold layer. 

Although the four-layer recording layer is the same in function as the three-layer recording layer, conditions for form- 
ing the component layers of the four-layer recording layer are less strict than those for forming the three-layer recording 
layer. 

25 In the following description of signal reproducing conditions, T c1 . H c1 , M s1 , and are the Curie temperature, coer- 

cive force, magnetization, and thickness, respectively, of the reproducing layer 300: T 2a . H c2a . Ms2a, and n 2a a f e the 
Curie temperature, coercive force, magnetization, and thickness, respectively, of the auxiliary reproducing layer 400a; 
T C 2t> H c2 t> and h2b are the Curie temperature, coercive force, magnetization, and thickness, respectively, of the 
intermediate layer 400b; T^ H^, M^, and h 3 are the Curie temperature, coercive force, magnetization, and thickness. 

30 respectively, of the record hold layer 500. and o^b is the interfacial domain wall energy of the intermediate layer 400b. . 
Information signals are recorded in the same manner as that carried out by the signal reproducing method in the 
first embodiment. The information signals are written in all of the four layers as shown in Figure 13. 

The signal reproducing method in the second embodiment employs the same magneto-optic reproducing device 
as that employed by the signal reproducing method in the first embodiment. First an initializing magnetic field H jnj is 

35 applied to the magneto-optic recording medium to initialize the reproducing layer and the auxiliary reproducing layer 
400a in a state as shown in Figure 14. 

The initializing magnetic field H ini must be greater than the sum Hc 1+ of the average coercive force (H c1 , H^avg 
of the coercive force H c1 of the reproducing layer 300 and the coercive force H c2a of the auxiliary reproducing layer 
400a, and the interfacial domain wall energy «y w2 b produced in the intermediate layer 400b to turn the respective direc- 

40 tions of magnetization of the reproducing layer 300 and the auxiliary reproducing layer 400a in the direction of the ini- 
tializing magnetic field H^; that is: 

H i ni>(H c i.H c2a ) AVG +o w2b /2(lvl s1 *h 1 +M a2 ,.h 2a ) ss H cU (5) 

45 where 

(H cl , H c2a ) AVQ (M s1 . h n + M s2a . h ^ . H c2a )/(M s1 . h , + M s2a . h 2a ) (6) 
H ci < ( H cl ■ H c2a) AVG < H c2a f 7 ) 

50 

The information signals must be held on the record hold layer 500 in turning the direction of magnetization of the 
reproducing layer 300 and the auxiliary reproducing layer 400a in the direction of the initializing magnetic field H mi . 
Accordingly, the following expression must be satisfied: 

55 H inI >H c3 -a w2b /2M s3 .h3 (8) 

The following expression must be satisfied to secure the magnetic domain wall formed in the intermediate layer 
400b after initialization by the initializing magnetic field H jni . 
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( H cV H c2a)AVG > 

When the component layers of the magneto-optic recording medium meet the foregoing conditions at room tem- 
perature, the respective directions of magnetization of regions of the reproducing layer 300 and the auxiliary reproduc- 

5 ing layer 400a initialized by the initializing magnetic field H- mi are turned in the direction of the initializing magnetic field 
H inj as shown in Figure 1 5 (upward in Figure 15). This state is maintained until the magneto-optic recording medium is 
irradiated with a reproducing laser beam, and no reproduced output signal is detected in this state. 

Then, the magneto-optic recording medium is irradiated with a laser beam so that the same is heated in a temper- 
ature distribution similar to that in the magneto-optic recording medium having the three-layer recording layer, and the 

10 reproducing magnetic field H read is applied to the magneto-optic recording medium to read the information signals. 

When irradiated with the laser beam LB, the magneto-optic recording medium is heated in a temperature distribu- 
tion as shown in Figure 16. in this case also, the temperature of the front portion with respect to the running direction 
of the magneto-optic recording medium 100 indicated by an arrow X is the highest, and the temperature decreases 
gradually toward the back portion. 

75 The respective directions of magnetization of regions of the reproducing layer 300 corresponding to magnetic 
domain walls can be inverted by the exchange force between the reproducing layer 300 and the record hold layer 500 
by applying the reproducing magnetic field H read meeting an expression 



20 



H c1 .<H read <H c1+ (10) 
to the magneto-optic recording medium at a temperature T n (T n < T c2a . T c2a < T c1 . T c2a < T c2b . and T^ < T^). 

H cl - - (H CI • H C2a) AVG - * w2b^( M S1 n 1 + M S2a - h 2a) < 1 1 > 

conditions aro determined so that an inanity H^d > H c1 is satisfied at a temperature not lower than a temperature T n * 
(T n * > T n . T n ' > T c1 and T n ' > T^). t . . 

When the magneto-optic recording medium is heated in the temperature distribution shown in Rgure 16, in which 

30 the temperature of a region y is in the range of a room temperature to T n , the temperature of a region p is in the range 
of T n to T n \ and the temperature of a region a is not lower than T n \ H read < H c1 . in the region y. Therefore, the direction 
of magnetization of the reproducing layer 300 is not inverted, and the reproducing layer 300 and.the auxiliary reproduc- 
ing layer 4a remains in the initialized state, in which the directions of magnetization of the reproducing layer 300 and the 
auxiliary reproducing layer 400a are the same as the direction of the initializing magnetic field H ini . 

35 As mentioned above, since H c1 . < H read < H c1+ in the region p, the magnetic domain wall of the intermediate layer 
400b corresponding to the region p disappears and the information signal is transferred from the record hold layer 500 
to the reproducing layer 300 and the auxiliary reproducing layer 400a; that is the magnetic pattern is transferred from 
the record hold layer 500 to the region p and a magnetic domain pattern P corresponding to the recording signal is 
formed in the region p. 

40 Since the temperature of the region a is higher than the temperature T n ', and H c1 < H read in the region a, the direc- 
tion of magnetization of the reproducing layer 300 is the same as the direction of the reproducing magnetic field H read . 

Thus, the regions y and a are in a state equivalent to an optically masked state, so that track recording density is 
increased greatly. 

The signal reproducing method in the second embodiment, similarly to the signal reproducing method in the first 
45 embodiment, hardly deteriorates frequency characteristics even if the reproducing power of the laser beam varies. 

A magneto-optic recording medium meeting the foregoing conditions was fabricated and its C/N characteristic was 
evaluated. 

The magneto-optic recording medium has the following construction. 

so Reproducing layer 3: GdFeCo (Curie temp. T c1 > 300°C) 

Auxiliary reproducing layer 400a: TbFeCoAJ (Curie temp. T^ = about 120°C) 
Intermediate layer 400b: GdFeCo (Curie temp. T^b = about 250°C) 
Memory layer 500: TbFeCo (Curie temp, t^ = about 300*C) 

55 When the intermediate layer is a transition metal-rich (TM-rich) layer, the films of the layers were formed in thick- 
ness and coercive force as follows: 

H 1 = 300A 

h 2a = 50to100A 
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(H c i.H c2a ) AVG = 1to4kOe 
h 2b = 200 A 
H c2 b < 1 (TM-rich) 
h 3 = 450A 

5 = 7 kOe (TM-rich) to 10 W)e (RE-rich) 

After initializing the magneto-optic recording medium by applying an initializing magnetic field H ini of 4 kOe to the 
same, a reproducing magnetic field H read in the range of 200 to 600 Oe was applied to the. magneto-optic recording 
medium and the magneto-optic recording medium was irradiated with a laser beam of 300 mW on the surface of the 
w magneto-optic recording medium for signal reproduction. A sufficiently large C/N was obtained for a bit period of 0.8 urn 
(linear speed = 8 m/sec. frequency = 1 0 MHz). 

Figure 1 7 is a graph showing the variation of C/N with the thickness of the auxiliary reproducing layer 400a. As 
is obvious from Figure 1 7. C/N is 44 dB or higher for the thickness h 2a in the range of 50 to 1 00 A. 

Figure 1 8 is a graph showing the variation of C/N with the Gd content of the intermediate layer 400b, and Figure 1 9 
75 is a graph showing the variation of C/N with the Tb content of the auxiliary reproducing layer 400a. As is obvious from 
Figures 18 and 19, C/N is satisfactory. 

Figure 20 shows the frequency characteristic of C/N. As is obvious from Figure 20. the value of C/N in the high- 
frequency band indicated by a curve A in Figure 20 in reproducing information signals by the signal reproducing method 
in the second embodiment, i.e., a signal reproducing method of a two-mask system, as compared with that of C/N indi- 
20 cated by a curve B in Figure 20 in reproducing information signals by a signal reproducing method of a single-mask sys- 
tem which reads information signal by simply transferring the magnetic signals recorded in the record hold layer to the 
reproducing layer. 

When the intermediate layer is a rare earth metal-rich (RE-rich) film, the films of the layers were formed in thickness 
and coercive force as follows: 

25 

h-i = 300 A 
h 2a = 50to110A 
(H c1 . H^AVG-O.gfc^kOe 
h 2b = 200A 
30 Hc2b < 1 kOe (RE-rich) 

h 3 - 450 A -v. 
= 7 kOe (TM-rich) to 10 kOe (RE-rich) 

Film forming conditions for forming the RE-rich intermediate layer are somewhat more strict than those for forming 

35 the TM-rich intermediate layer. 

After initializing the magneto-optic recording medium by applying an initializing magnetic field ^ 4 kOe. a repro- 
ducing magnetic field H read = 20 to 600 Oe was applied to the magneto-optic recording medium and the magneto-optic 
recording medium was irradiated with a laser beam of 3 mW in reproducing power on the surface of the magneto-optic 
recording medium to reproduce information signals. A sufficiently large C/N was obtained for a bit period of 0.8 u.m (lin- 

40 ear speed = 8 m/sec, frequency =10 MHz). 

As is apparent from the foregoing description, according to the present invention the magneto-optic recording 
medium is heated with a reproducing laser beam in a temperature distribution so that a region remaining in the initial- 
ized state, a region to which the information is transferred from the record hold layer, and a region magnetized in the 
sage direction as that of the reproducing magnetic field are formed in the field of the lens. Accordingly, a portion of the 

45 magneto-optic recording medium within the field of the lens can be set in a state equivalent to an optically masked state, 
which enables track recording density and track density to be improved greatly. Furthermore, the region to which the 
information is transferred from the record hold layer is neither expanded nor reduced, even if the reproducing power var- 
ies, and frequency characteristics during reproducing operation are satisfactory. 

so Third Embodiment 

The magneto-optic recording/reproducing system in accordance with the third embodiment of the present invention 
utilizes the temperature distribution in a portion irradiated with the reading light beam of the magneto-optic recording 
medium 1000. When the magneto-optic recording medium 1000 moves in the direction of an arrow D shown in Figure 
21 A. the temperature of an area on the magneto-optic recording medium 1 000 starts rising immediately before the area 
comes into the spot 60 of the reading light beam. The area in the spot 60 is heated to provide a temperature distribution 
as shown in Figure 21 C, in which a region of the area slightly before the center of the spot 60 where the intensity of the 
light beam is the highest is heated to the highest temperature owing to heat conduction. The magneto-optic record- 
ing/reproducing system in accordance with the present invention magnetizes the reproducing layer 110 in a direction 
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for information reproducing, heats the magneto-optic recording medium 1000 so that the high-temperature region 140 
is heated to a temperature not lower than the Curie temperature of the intermediate layer 120. and heats the low- 
temperature region 1 60 to a temperature lower than the Curie temperature of the intermediate layer 120 so that the 
expression in Mathematical 1 is satisfied. Consequently, in the high-temperature region on the magneto-optic recording 

5 medium 1000. the intermediate layer 1 20 is demagnetized, and the direction of magnetization of the reproducing layer 
1 10 is turned in the direction of the reproducing magnetic field H p regardless of the magnetization of the recording layer 
130. In the reproducible region 160, the magnetization of the recording layer 130 is transferred to the reproducing layer 
110 against the reproducing magnetic field H r to meet the expression in Mathematical 1 . Thus, the direction of magnet- 
ization of a region heated at a temperature lower than that at which the reproducfole region 160 is heated and not meet- 

jo ing the expression in Mathematical 1 remains in the direction of initial magnetization, which is the same as the direction 
of the reproducing magnetic field H P 

Accordingly, the area corresponding to the spot 60 of the reading light beam on the magneto-optic recording 
medium 1000. the direction of magnetization of the reproducing layer 1 10 other than the reproducible region 160, is 
turned in the direction of the reproducing magnetic field H n and only a recording bit 4 in the recording layer 130 corre- 

is sponding to the reproducible region 160 is transferred to the reproducing layer 1 1 0 so that binary values "1 " and "0" can 
be read. 

A magneto-optic recording/reproducing system in a preferred embodiment according to the present invention will 
be described hereinafter with reference to Figures 21 to 25. The magneto-optic recording/reproducing system employs 
a four-layer magneto-optic recording medium 1000 (Figure 22) having a magnetic layer consisting of a reproducing 

20 layer 1 1 0. an auxiliary layer 1 20a. an intermediate layer 1 20b, and a recording layer 1 30. The reproducing layer 1 1 0 and 
the auxiliary layer 120a. which contribute to reproducing, are formed so that the coercive force H CA has desired tem- 
perature characteristics. The auxiliary layer 120a is formed of a material having a comparatively low Curie temperature. 

The magneto-optic recording medium 1000 has a construction as shown in an enlarged schematic sectional view 
in Figure 22 As shown in Rgure 22. a dielectric film 220. such as a SiN film, is formed over a major surface 210A of a 

25 transparent substrate 210 of polycarbonate (PC) or the like in a thickness of. for example. 800 A by sputtering or the like. 
GdFeCoAl film, for example a Gd 2 3(Fe 85 Co 15 ) 77 film of 300 A in thickness, is formed as the reproducing layer 110. A 
TbFeCoAl film, for example a Tb^VegsCos^AJs of 80 A in thickness, is formed as the auxiliary layer 120a. A GdFeCo 
film, for example a GdsofFegsCosJso of 150 A in thickness, is formed as the intermediate layer 120. A TbFeCo film, for 
example a "n^stFessCo^s of 450 A in thickness, is formed as the recording layer 1 30 by continuous sputtering or the 

30 like. The layers 110,1 20a, 120 and 130 are coated with a surface protective film 230 formed of SiN or the like in a thick- 
ness of 800 A by sputtering or the like. 

The reproducing layer 110. the auxiliary layer 120a. the intermediate layer 120b, and the recording layer 130 have 
Curie temperatures and coercive forces tabulated in Table 1 . 

35 

(Table 1) 





Curie temperature 


Coercive force 


Reproducing layer 
Auxiliary layer 
Intermediate layer 
Recording layer 


Lower than 300°C 
160°C 

250°C 100 Oe 
230°C 


1 to 4 kOe in average 
Smaller than 10 kOe 



45 

The magneto-optic recording/reproducing system employing the magneto-optic recording medium 1000 thus con- 
structed will be described hereinafter. As shown in a schematic perspective view in Figure 23. an optical system includ- 
ing an objective lens 240 for focusing, for example a laser beam, is disposed so as to irradiate the surface of the 

50 magneto-optic recording medium 1 000 on the side of the substrate 21 0 to irradiate the upper surface of the magneto- 
optic recording medium 1000 with a reading light beam L. A reproducing magnet 250 is provided for applying a repro- 
ducing magnetic field H r to the magneto-optic recording medium 1000. It is disposed directly below the objective lens 
240 on the opposite side of the magneto-optic recording medium 1000 with respect to the optical system. An initializing 
magnet 260 is disposed at a position before the track corresponding to the objective lens 240 and the reproducing mag- 

55 net 250 with respect to the direction of movement of the magneto-optic recording medium 1 000. and is separated a suf- 
ficient distance from the reproducing magnet 250 so that the initializing magnet 260 may not affect the reproducing 
magnetic field H r The polarity of the magnetic field created by the reproducing magnet 250 and that of the magnetic 
field created by the initializing magnet 260 are the same. 

When the layers have the foregoing coercive forces, and the initializing magnet field Hj is in the range of 1 to 4 kOe, 
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•for example, 4 kOe, an expression in Mathematical 8 must be satisfied to turn the respective directions of magnetization 
of the reproducing layer 110 and the auxiliary layer 120a in the direction of the initializing magnetic field Hj by the initial- 
izing magnet 260 as shown in Figure 24A. 

s {Mathematical 8} 

H i > h ca + ^^^si " l^+M^ • h^) 

where Hc A is the effective average coercive force of the coercive force H c1 of the reproducing layer 1 1 0 and the coercive 
to force of the auxiliary layer 120a. Hc A is expressed by: 

H CA = (M. l .h 1 *H cl + M a9 -h 8 -H CB )/(M Bl -h 1 +M <B .h 1l ) 

where M s1 and M ss are the saturation magnetizations of the reproducing layer 1 1 0 and the auxiliary layer 12pa. respec- 
i5 tivefy, and h., and h s are the values of thickness of the reproducing layer 110 and the auxiliary layer 120a, respectively. 

In the expression in Mathematical 8, is the domain wall energy of the intermediate layer 120b. The expression in 

Mathematical 8 corresponds to the expression in Mathematical 2 determining conditions for the aforesaid MSR system. 
The recording layer 1 30 has a comparatively large coercive force and is capable of maintaining the direction of 

magnetization of the same determined during recording operation. To enable the recording layer 130 to maintain the 
20 direction of magnetization determined during recording operation, an expression in Mathematical 9 must be satisfied. 

(Mathematical 9) 

Hj < - cr^^M ^ • h 3 

25 

where H^, M^. and h 3 are the coercive force, saturation magnetization and thickness, respectively, of the recording 
layer 130. The conditions determined by the expression in Mathematical 9 correspond to those determined by the 
expression in Mathematical 3. 

An expression in Mathematical 10 must be satisfied to hold the direction of magnetization of the recording layer 
30 1 30, and the magnetization of the initialized reproducing layer 1 1 0 and the auxiliary layer 1 20a reverse to each other. 

(Mathematical 10) 

H CA >a w2 /2 ( M Sl ' n 1 +M ss * h s) 

35 

The conditions determined by the expression in Mathematical 10 correspond to those determined by the expression in 
Mathematical 4. 

The reproducing magnetic field H r is applied to an area on the magneto-optic recording medium 1000 correspond- 
ing to the spot 60 of the reading light beam. When the magneto-optic recording medium 1000 moves in the direction of 

40 an arrow D as shown in Figure 24A, the temperature of the area on the magneto-optic recording medium 1000 rises 
gradually in the spot 60. and the area is heated to a temperature distribution in which the temperature of a region slightly 
ahead of the center of the spot 60 is the highest and the temperature decreases toward the opposite sides of the peak. 
As shown in Figure 24B. a high-temperature region 140 heated at a temperature not lower than the Curie temperature 
T c2 of the intermediate layer is biased to the left, as viewed in Figure 24B, with respect to the center of the spot 60. 

45 Therefore, the auxiliary layer 120a having a Curie temperature of 140°C is demagnetized. Consequently, the direction 
of magnetization of a region of the reproducing layer 110 in the high-temperature region 140 is turned in the direction 
of the reproducing magnetic field H r . 

A reproducible region 160 heated at a temperature lower than that of the high-temperature region 140 is formed in 
the shape of a circular arc between the high-temperature region 140 and a tow-temperature region 150. As indicated 

so by a shaded area in Figure 21 C, the temperature of the reproducible region 1 60 is lower than the Curie temperature T^ 
of the auxiliary layer 120a and not lower than a predetermined temperature T B . The reproducible region 160 satisfies 
an equality: H r + H CA < H w1 • H CA defined by the expression in Mathematical 6. 

When the magnetic field hV, created by the magnetic domain wall formed between the auxiliary layer 120a and the 
intermediate layer 1 20b is greater than the sum of the reproducing magnetic field H r and the average coercive force H C a 

55 of the reproducing layer 1 1 0 and the auxiliary layer 1 20a t the respective directions of. magnetization of the reproducing 
layer 1 1 0 and the auxiliary layer 120a are turned in the direction of magnetization of the recording layer 130 against the 
reproducing magnetic field H r That is, the direction of magnetization of the recording layer 130 reverse to the direction 
of the reproducing magnetic field H r is transferred to the reproducing layer 110.. 

The low-temperature region 150 in the spot 60 and which is heated at a temperature lower than that of the repro- 
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clucible region 160. namely heated at a temperature lower than the predetermined temperature T & has a crescent 
shape. Since the low-temperature region 150 does not satisfy the expression in Mathematical 1, the direction of mag- 
netization of the reproducing layer 1 10 in the low-temperature region remains in the direction of the initializing magnetic 
field Hj, which is the same as that of magnetization of the reproducing layer 1 10 in the high -temperature region 140. 
Accordingly, the recording bits in the high-temperature region 140 and the low temperature region 150 in the spot 60 
are not transferred to the reproducing layer 110, and are held in latent recording bits 270 in the recording layer 130 as 
shown in Figures 24A and 24B. Only the recording bit 40 in the narrow reproducible region 160 is transferred to the 
reproducing layer 1 10. Since the reproducing layer 160 is a narrow region between the high -temperature region 140 
and the low-temperature region 150, high-density recorded information can be reproduced at a high resolution. 

Figure 25 shows measured output characteristics when the four-layer magneto-optic recording medium 1000 was 
rotated at 2400 rpm.an initializing magnetic field of 4 kOe was applied to the magneto-optic recording medium 1000. 
the magneto-optic recording medium 1000 was irradiated with a reading light beam L of 3.3 mW in power, and a signal 
of 10 MHz recorded on a track at a distance r of 30 mm from the center of the magneto-optic recording medium 1000 
was reproduced. In Figure 25, a continuous curve C indicates the output signal, and a broken curve N indicates output 
noise. The average coercive force H CA of the reproducing layer 1 10 and the auxiliary layer 120a was 4 kOe, the coer- 
cive force of the intermediate layer 120b was 1 kOe, and the coercive force of the recording layer 130 was 15 kOe. As 
is obvious from Figure 25, the magneto-optic recording/reproducing system in accordance with the present invention is 
capable of reproducing a high-frequency signal of a frequency as high as 10 MHz at a satisfactory C/N ratio and at a 
high resolution by using a reproducing magnetic field H r on the order of 300 Oe or below at which the difference 
between the curve C and the curve N is large. 

In this embodiment, the initializing magnet 260 is disposed before a position where the signals recorded on the 
magneto-optic recording medium 1000 are read with respect to the direction of movement of the magneto-optic record- 
ing medium 1000. It is also possible to omit the initializing magnet 260 and to turn the direction of magnetization of the 
reproducing layer 1 10 in the direction of the reproducing magnetic field H r immediately after recording, or immediately 
before reproducing by applying a magnetic field of the same direction and the same intensity as those of the reproduc- 
ing magnetic field H r to the magneto-optic recording medium 1000 with the reproducing magnet 250 for reading infor- 
mation in a high resolution. 

The present invention is applicable to magneto-optic recording media of various constructions other than that of the 
foregoing magneto-optic recording medium 1000. For example, the present invention is applicable to a three-layer mag- 
neto-optic recording medium having a reproducing layer 110 of Gdg^FeasCo-ishe, an intermediate layer 120 of 
Tb 18 Fe 82 and a recording layer 130 of Tb2 5 {Fe 85 Co 15 )7 5 , and not provided with the auxiliary layer 120a. When such a 
magneto-optic recording medium is employed, the coercive force of the layers contributing to reproducing in the 
expression in Mathematical 1 is substituted by coercive force H c1 . and the coercive force, thickness, magnetization and 
domain wall energy of each layer are determined selectively so that the expressions in Mathematical 2. Mathematical 
3 and Mathematical 4 instead of those in Mathematical 6, Mathematical 9 and Mathematical 10 are satisfied. When con- 
ditions defined by those expressions are satisfied, information recorded in the three-layer magneto-optic recording 
medium can be reproduced at a high resolution. 

As is apparent from the foregoing description, since the magneto-optic recording/reproducing system in accord- 
ance with the present invention reproduced information from the narrow reproducible region 160 between the high-tem- 
perature region 140 and the low-temperature region 150 in the spot 60 of the reproducing light beam, and the 
reproducible region 160 is narrower than that in the MSR system, the magneto-optic recording/reproducing system in 
accordance with the present invention is capable of surely reading information from a magneto-optic recording medium 
1000 having recording bits 40 in the spot 60 of the reading light beam in a higher density. Furthermore, even if the area 
of the spot 60 is increased by increasing the power of the reproducing laser beam to increase the reproducing output, 
the magneto-optic recording/reproducing system is able to reproduce the information in a sufficiently high resolution 
higher than the resolution of the conventional reproducing system, and hence the magneto-optic recording/reproducing 
system improves C/N (S/N). 

Still further, the device for carrying out the magneto-optic recording/reproducing system can be simplified by omit- 
ting the initializing magnetic field creating means and turning the direction of magnetization of the reproducing layer in 
one direction immediately before reproducing by the reproducing magnetic field creating means. 

Fnnrth Embodiment 

As shown in Figure 27A. when the magneto-optic recording medium in accordance with the fourth embodiment of 
the present invention moves in the direction of an arrow D, namely from right to left as viewed in Figure 27A. the mag- 
neto-optic recording medium is heated with a laser beam so that an area in the spot 1 15 of the laser beam is heated in 
a temperature distribution as shown in Figure 27B, in which the temperature of the front portion of the magneto-optic 
recording medium 1110 with respect to the direction of movement thereof relative to the spot 1 15 indicated by the arrow 
D is the highest because the duration of irradiation of the front portion with the spot 1 15 is the longest. 
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The temperature decreases from the high -temperature region toward the back portion with respect to the direction 
of movement indicated by the arrow D. 

In reading recording bits formed in the magneto-optic recording medium 1110 in accordance with the fourth 
embodiment of the present invention, a first healed region I heated at a temperature nearly equal to the Curie temper- 

s ature of the auxiliary reproducing layer 131 , i.e. a temperature higher than the compensation temperature T^^ of 
the reproducing layer 1 1 1 . A second heated region II is heated at a predetermined temperature T a+ at which the coer- 
cive force H c1 of the reproducing layer 1 1 1 is reduced below the exchange force between the reproducing layer 1 1 1 and 
the recording layer 1 13. This is lower than the temperature of the first heated region I. A third heated region III is heated 
at a temperature lower than the temperature of the second heated region II. The regions differ from each other in func- 

io tion. These regions are formed in an area corresponding to the spot 1 1 5 of the reading laser beam as shown, in Figures 
27A and 27B. Only the latent recording bits in the recording layer 1 13 in a region corresponding to the narrow second 
heated region II are transferred to the reproducing layer for reading. 

A magneto-optic recording medium 1110 has a magneto-optic recording layer consisting of a reproducing layer, 
1 1 1 , an auxiliary reproducing layer 131, an intermediate layer 1 12 and a recording layer 113, which are coupled mag- 

is netically. 

The reproducing layer 1 1 1 , the auxiliary reproducing layer 131 . the intermediate layer 1 12 and the recording layer 
1 13 are formed sequentially in that order by continuous sputtering on a transparent dielectric layer 123, for example, a 
SiN film having a thickness of 800 A, that serves as a protective layer or an interference layer formed on a transparent 
substrate 1200 of glass, an acrylic or polycarbonate. A protective film 125 of a non-magnetic metal or a dielectric mate- 
20 rial, for example, a SiN film having a thickness of 800 A, is formed over the recording layer 113. 

At least the reproducing layer 111, and preferably each of the auxiliary reproducing layer 131, the intermediate 
layer 112, and the recording layer 1 13 in addition to the reproducing layer, are ferrimagnetic films of a rare earth metal- 
transition metal in which the magnetic moment of a rare earth metal (RE) and that of a transition metal (TM) are anti- 
f erromag n etical ly coupl ed . 

25 The reproducing layer 1 1 1 and the auxiliary reproducing layer 131 are films in which a rare earth metal sublattice 
is dominant (hereinafter referred to as "RE-rich films") at an ordinary temperature. 

The intermediate layer 1 12 and the recording layer 1 13 may be a transition metal sublattice dominant film (herein- 
after referred to as "TM-rich films") or RE-rich films at an ordinary temperature. 

The reproducing layer 111 and the auxiliary reproducing layer 131 formed so that the coercive force Hca defined 
30 by the expression in Mathematical 5 is in the range of 0.9 to 5 kOe when the intermediate layer 1 1 2 is a RE-rich film, or 
in the range of 1 to 4 kOe when the intermediate layer 112 is a TM-rich film. ■ ■ st ■ 

The reproducing layer 111 is a layer that contributes substantially to reading recorded information, namely to the 
magneto-optic effect (Kerr effect) in connection with the reading light. The reproducing layer 1 1 1 is formed of a material 
having a large angle of Kerr rotation, such as a perpendicularly magnetizable GdFeCo film having a Curie temperature 
35 T c1 of 300°C or higher and a compensation temperature T^p on the order of 100°C, for example a Gd 2 5(Fe 85 Co 1 5)75 
film of 300 A in thickness. 

The auxiliary reproducing layer 131 is a perpendicularly magnetizable film having a Curie temperature T^ about 
equal to the compensation temperature T^p of the reproducing layer 111. for example, on the order of 100°C. and is 
for example, a "n^FegsCos)^ film of a thickness in the range of 50 A to 1 10 A. 
40 The intermediate layer 1 12 is a perpendicularly magnetizable film of a comparatively small perpendicular anisot- 
ropy having a coercive force H 3 , for example, smaller than 1.0 kOe and a Curie temperature T c2 of about 250°C, for 
example, a Gd 19 (Fe9 5 Co 5 ) 81 film of 100 A in thickness. 

The intermediate layer 1 12 may be a Re-rich film at an ordinary temperature, for example of Gc^sfFegsCos^. 
The recording layer 1 13 may be a film having a thickness of 100 A, a Curie temperature T^ of about 250°C, and a 
45 coercive force H 3 of 7 kOe, for example a TM-rich film perpendicularly magnetizable at an ordinary temperature of 
Tb 2 2{Fes5Coi 5 )7 8 ora RE-rich film of Tb 2 5(Fe 85 Co 1 5)75 perpendicularly magnetizable at an ordinary temperature. 

Information is recorded, namely recording bits 1 41 are formed, at least in the recording layer 1 13 of the magneto- 
optic recording medium 1 1 10 in accordance with the present invention by, for example, a magnetic field modulation sys- 
tem. _ _ . 
bo In reading information from the magneto-optic recording medium 1 1 10, for example a magneto-optic disk having 
the recording layer 113 in which the information is recorded in recording bits 141 , a light beam such as a linearly polar- 
ized laser beam L of 780 nm in wavelength is emitted by a semiconductor laser, and is focused on the magneto-optic 
recording medium 1110 rotating in the direction of an arrow D on the side of the substrate 1 200 described previously 
with reference to Figure 26 by an objective lens 171 as shown in Figure 28. 
55 The difference of the recording bit 141 from other regions in the rotation of the plane of polarization by the Kerr 
effect of the reproducing layer 1 1 1 is detected to read the information recorded in the recording bit 1 41 . 

A reproducing magnetic field applying means 172 is disposed near the spot 115 of the laser beam L on the mag- 
neto-optic recording medium 1110. The reproducing magnetic field applying means 1 72 applies a unidirectional repro- 
ducing magnetic field H r perpendicularly to the surface of the magneto-optic recording medium 1110. 
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An initializing magnetic field applying means 1 73 applies a unidirectional initializing magnetic field Hj of a polarity 
reverse to that of the reproducing magnetic f ield H r to a region of the magneto-optic recording medium 1 110 before the 
region comes into the spot of the laser beam L 

The reproducing function of the magneto-optic recording medium 1110 having the reproducing layer 1 11 and the 
5 auxiliary reproducing layer 131. which are RE-rich films at an ordinary temperature, and the intermediate layer 1 1 2 and 
the recording layer 113. which are TM-rich films at an ordinary temperature, will be described with reference to Figures 
29A, 29B. 29C. and 29D. 

Figure 29A shows heated regions I, II and III, such as those described with reference to Figure 27. formed on the 
magneto-optic recording medium 1 1 10 by irradiating the magneto-optic recording medium 1110 moving in the direction 
io of an arrow D relative to the spot 151 with the laser beam. 

The first heated region 1 is heated at a temperature higher than the compensation temperature T^p of the repro- 
ducing layer n 1 . the second heated region II is heated at a temperature T a+ lower than the compensation temperature 
Tcomp and making the combined coercive force H CA of the reproducing layer 111 and the auxiliary reproducing layer 
131 coincide substantially with the exchange force between the recording layer 1 13 and the reproducing layer 1 1 1 or 
is between the recording layer 1 13 and the auxiliary reproducing layer 131. and the third heated region III is heated at a 
temperature lower than the temperature T a+ . 

In Figures 29C and 29D, curves 51 1 , 521 , and 531 indicate the magnetization M s1 of the reproducing layer 1 1 1 , the 
coercive force H CA , and the exchange force between the recording layer 113 and the reproducing layer 1 1 1 or between 
the recording layer and the auxiliary reproducing layer 131 . respectively, in the heated regions I. II and ill. 
20 In Figures 29C and 29D, temperature is measured on the horizontal axes. Actually, the temperature does not vary 

in a linear temperature distribution in the third heated region III. the second heated region II and the first heated region 
I. However, the temperature is supposed to vary in a linear temperature distribution in Figures 29C and 29D to facilitate 
understanding. 

The respective magnetic moments in the reproducing layer 1 1 1 . the auxiliary reproducing layer 131 . the intermedi- 
25 ate layer 1 12 and the recording layer 113 are shown typically in Figure 29B. In Figure 29B. arrows of continuous lines 
indicate TM magnetic moments, arrows of broken lines indicate RE magnetic moments, and large blank arrows indicate 
general magnetic moments in the layers 111, 131, 112. and 113. 

Suppose that recording bits 141 are formed in the recording layer 113 by magnetizing regions in the recording layer 
113 so that the direction of the general magnetic moments in the regions is upward as shown in Figure 29B. 
30 As mentioned above, a laser beam L of 780 nm in wavelength is employed in reading the recording bits 141, 
namely, in reading out information. Since the transient metal contributes mainly to the Kerr effect in a wavelength range 
including the wavelength of the laser beam L. the signal obtained by detecting the angle of Kerr rotation is dependent 
on the direction of the TM magnetic moment indicated by the arrow of a continuous line in Figure 29B; and the signal 
is dependent on the direction of the TM magnetic moment in the reproducing layer 111, particularly in this magneto- 
35 optic recording medium. 

In reproducing information, the initializing magnetic field applying means 173 (Figure 28) applies the initializing 
magnetic field H t of. for example, 4 kOe to the magneto-optic recording medium 1110 before the recording bits 1 41 (Fig- 
ure 29B) come into the spot 1 51 of the reading laser beam to turn the respective magnetic moments of the reproducing 
layer 1 1 1 and the auxiliary reproducing layer 131 indicated by blank arrows in Figure 29B in the direction of the initial- 
40 izing magnetic field Hj." i.e.. downward as viewed in Figure 29B. 

The power of the reading laser beam is, for example, 3 mW. 

The reproducing magnetic field H p for example, in the range of 200 to 600 Oe of a direction reverse to that of the 
initializing magnetic field Hj. is applied to an area corresponding to the spot 151. 

Since the coercive force of the recording layer 1 13 is comparatively large, and conditions defined by the expres- 
45 sions in Mathematical 1, 2, and 3 are satisfied by magnetic domain walls formed in the intermediate layer 112, the 
direction of magnetization of the recording layer 1 13 is not inverted and hence the recording bits 141 remain in the 
recording layer 113. 

In this state, the recording bit 141 comes into the spot 151 of the reading laser beam. Since the exchange force is 
• small as compared with the coercive force H CA in the third heated region III as shown in Figure 29D. the recording bit 
so 141 of the recording layer 1 1 3 is not transferred to the reproducing layer 1 1 1 and the auxiliary reproducing layer 1 31 . 
Accordingly, the recording bit 141 is not read in the third heated region III. 

Subsequently, the recording bit 141 enters the second heated region II, in which the coercive force H CA is smaller 
than the exchange force. Then, magnetic moment of the RE-rich reproducing layer 1 1 1 is turned upward, namely, the 
TM magnetic moment and the RE magnetic moment are turned in the direction of the TM magnetic moment and RE 
55 magnetic moment of the recording layer 1 1 3. by the reproducing magnetic field H r of an upward direction reverse to that 
of the initializing magnetic field Hj. and consequently a magnetic domain, i.e. the recording bit, emerges. 

That is. the direction of the initialized TM moment causing Ken* rotation is inverted to enable reading out the record- 
ing bit 1 41 differing from other regions in Kerr rotation with the laser beam L 

When the recording bit 141 enters the first heated region I heated at a temperature T a higher than the Curie tem- 
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perature of the auxiliary reproducing layer 1 31 or the compensation temperature of the reproducing layer 111. 
the TM magnetic moment of the TM-rich reproducing layer 1 1 1 having a small coercive force H c1 is turned upward by 
the reproducing magnetic lield H p and consequently the recording bit 141 in the reproducing layer 1 1 1 is extinguished 
and is unable to be read. 

5 Thus, the heated regions I and 111 serve as a mask, and the second heated region II serves as a window through 

which the recording bit can be read in the area corresponding to the spot 151. Since the width of the window is far 
smaller than the diameter of the spot 1 51 , the recording bit 1 41 can be read even if the recording bit 1 41 is smaller than 
the diameter of the spot 151 . 

The width of the window determining the resolution can be reduced independently of the wavelength X and the 

io numerical aperture N. A. defining the diameter of the spot 151. 

It was confirmed through the measurement of a Kerr loop that the conditions shown in Figure 29D were satisfied. 
Figure 30 shows the measured variation of reproduced output signals reproduced from the magneto-optic disk thus 
constructed with the power of the reproducing laser beam L In Figure 30. curves 81 1 and 821 indicate carrier level and 
noise level, respectively. The carrier level varies stepwise with the power of the reproducing laser beam L In the power 

is range of P-, to P 2 , the temperature of an area corresponding to the spot of the laser beam L is comparatively low and 
hence the MS Ft effect is not produced, namely, no window is formed in the area corresponding to the spot of the laser 
beam L In the power range of P 2 and P 3 , a window is formed in the high-temperature region on one side of the area 
corresponding to the spot. In the power range of P 3 to P 4 . a window (the second heated region II) is formed in the nar- 
row central region of the area corresponding to the spot between the first heated region I and the third heated region III 

20 serving as a mask. 

In obtaining the measured results shown in Figure 30, a carrier of 10 MHz was measured by rotating a magneto- 
optic disk of 32 mm in radius at 2400 rpm, irradiating the magneto-optic disk with a laser beam of 1 9 mW for 15 msec, 
and applying a reproducing magnetic field H r of about 600 Oe to the magneto-optic disk. 

When the period of the recording bits on the magneto-optic recording medium (the magneto-optic disk) was 0.8 
25 |im, C/N was 35 dB or above. 

In Figure 31. a curve 91 indicates measured C/N. and a curve 92 indicates the C/N in reproducing information by 
a conventional magneto-optic recording/reproducing system other than the MSR system. As is obvious from Figure 31 . 
the present invention improved C/N remarkably in a bit length range below 0.35 um. which proved the effect of the 
present invention on the enhancement of resolution. 
30 Although the intermediate layer 1 12 and the recording layer 1 1 3 employed in the foregoing embodiment are TM- 
rich films at an ordinary temperature, the same effect can be expected when the intermediate layer 1 12 and the record- 
ing layer 113 are RE-rich films. - 

The magneto-optic recording medium 1110 having the four-layer magneto-optic recording layer consisting of the 
reproducing layer 111. the auxiliary reproducing layer 131. the intermediate layer 112 and the recording layer 113, 
35 employed in the foregoing embodiment has an advantage that characteristics meeting the conditions necessary for the 
operating function can easily be obtained. 

However, the magneto-optic recording layer may be of a three-layer construction consisting of a reproducing layer 
1 1 1 , an auxiliary reproducing layer 131 having the function of the intermediate layer 112. and a recording layer 1 13 as 
shown in Figure 32B. 

40 Information can be reproduced from a magneto-optic recording medium having such a magneto-optic recording 
layer of a three-layer construction by the same reproducing operation as that described with reference to Figures 29 A 
to 29D. In Figures 32A to 32D. parts corresponding to those shown in Figures 29A to 29D are denoted by the same ref- 
erence characters and the description thereof will be omitted to avoid duplication. 

The reproducing layer 1.1 1 of the magneto-optic recording medium of a construction shown in Figure 32B is formed 
45 of a ferrimagnetic material, such as a GdFeCo having a large angle of Kerr rotation, in which the RE magnetic moment 
and the TTvl magnetic moment are anti-ierromagnetically coupled. The reproducing layer 1 1 1 has a Re-rich composition 
having a compensation temperature T^p nearly equal to the Curie temperature T^ of the auxiliary reproducing layer 
131 and a coercive force H c1 not higher than, for example, 500 Oe. 

The auxiliary reproducing layer 131 may be a Re-rich magnetic film at an ordinary temperature, such as a TbFe film 
50 having a perpendicular magnetic anisotropy necessary for controlling the shift of interfacial domain walls by an external 
magnetic field and having a high coercive force at an ordinary temperature. The combined coercive force H CA (the 
expression in Mathematical 5) of the reproducing layer 1 1 1 and the auxiliary reproducing layer 131 is about 2 kOe. 

The Curie temperature T^ of the auxiliary reproducing layer 131 is lower than those of the other two layers, and 
the thickness of the same is, for example. 300 A or above, which is greater than the thickness of the auxiliary reproduc- 
55 ing layer of the four-layer magneto-optic recording layer. 

The recording layer 1 13 is a TM-rich film or a RE-rich film, such as a TbFeCo film, having a coercive force H^ on 
the order of, for example, 10 kOe. a thickness of 450 A and a Curie temperature of about 250°C. 

As is apparent from the foregoing description, in reproducing the information recorded on. the magneto-optic 
recording medium 11 10 in accordance with the present invention, only the recording bit 141 within the narrow window 
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formed in the second heated region II formed in an area corresponding to the spot of the reproducing laser beam 
between the regions serving as a mask, is reproduced so that the information can be reproduced in a very high resolu- 
tion independent of the diameter of the spot of the laser beam, namely independent of the wavelength k of the laser 
beam and the numerical aperture NA of the objective lens. 

5 Furthermore, since the window is formed by forming the reproducing layer 1 1 1 and the auxiliary reproducing layer 

131 so that the compensation temperature of the former and the Curie temperature of the latter are substantially equal 
to each other, and by favorably utilizing the characteristics of the reproducing layer 111 and the auxiliary reproducing 
layer 131, the information can be surely and stably reproduced at a high resolution. 

Although various minor changes and modifications might be proposed by those skilled in the art, it will be under- 

10 stood that we wish to include within the claims of the patent warranted hereon all such changes and modifications as 
reasonably come within our contribution to the art. 

Claims 

15 1 . A method of reproducing signals recorded on a magneto-optic recording medium, said recording medium being 
formed of at least a record hold layer and a reproducing layer (111), (which have ferrimagnetism which is consist of 
transition metal (TM) magnetic moment and Rear Earth metal (RE) magnetic moment) and wherein information to 
be reproduced is recorded in the record hold layer, comprising the steps of: 

20 irradiating a spot of a laser beam on the recording medium with relative motion being provided such that the 

spot moves relative to the recording medium; 

designing the recording layer and reproducing layer such that within an area of the spot of the laser beam tem- 
perature distribution is generated in the recording medium, and wherein as a result of the temperature distri- 
bution, within the spot a first region, second region, and third region result with the second region lying between 

25 the first and third regions and having information recorded in the record hold layer transferred to the reproduc- 

ing layer foTTeadout therefrom by magneto-optical effect with the laser beam, and wherein TM magnetic 
moments within the reproducing layer first region are all aligned in a first desired direction independently of 
magnetic domain signal patterns in the record hold layer, and wherein TM magnetic moments in the third 
region are aligned in a second desired direction independently of magnetic^ domain signal patterns in the 

30 record hold layer, and wherein said first and third regions each act as a mask at each side of the second region 

where readout occurs at high resolution, characterized in that said first desired direction of the TM magnetic 
moments in said first region is the same direction as said second desired direction of the TM magnetic 
moments in said third region. 

35 2. A method of reproducing signals recorded on a magneto-optic recording medium having at least a reproducing 
layer, an auxiliary reproducing layer, and a recording layer, which are coupled magnetically, comprising the steps of: 

turning a direction of magnetization of the reproducing layer in a direction for initialization by applying a first 
external magnetic field to the magneto-optic recording medium before reproducing recorded signals; 
irradiating the reproducing layer with a laser beam to form a region III of a temperature lower than a tempera- 
ture T a +. a region II of a temperature not lower than the temperature T a + and lower than a temperature T a , and 
a region I of a temperature not lower than the temperature T a in an area in a spot of the laser beam, a second 
external magnetic field being applied to the magneto-optic recording medium, the reproducing layer maintain- 
ing the initialization in the region III, a magnetic coupling of the reproducing layer and the recording layer being 
cancelled and a direction of magnetization of the reproducing layer being turned in a direction of the second 
external magnetical field in the region I, and a direction of a moment of a transition metal of the reproducing 
layer being turned in a direction of a moment of a transition metal of the recording layer in the region II so that 
a signal recorded in the recording layer is transferred to the reproducing layer; and 

reading the signal from the reproducing layer by converting the signal into an optical signal by magneto-optic 
effect. 
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